Planting date effects on winter triticale grain yield, dry matter production, and N accumulation by Schwarte, Aaron John
Retrospective Theses and Dissertations Iowa State University Capstones, Theses and Dissertations 
1-1-2004 
Planting date effects on winter triticale grain yield, dry matter 
production, and N accumulation 
Aaron John Schwarte 
Iowa State University 
Follow this and additional works at: https://lib.dr.iastate.edu/rtd 
Recommended Citation 
Schwarte, Aaron John, "Planting date effects on winter triticale grain yield, dry matter production, and N 
accumulation" (2004). Retrospective Theses and Dissertations. 20265. 
https://lib.dr.iastate.edu/rtd/20265 
This Thesis is brought to you for free and open access by the Iowa State University Capstones, Theses and 
Dissertations at Iowa State University Digital Repository. It has been accepted for inclusion in Retrospective Theses 
and Dissertations by an authorized administrator of Iowa State University Digital Repository. For more information, 
please contact digirep@iastate.edu. 
Planting date effects on winter triticale grain yield, 
dry matter production, and N accumulation 
by 
Aaron John Schwarte 
A thesis submitted to the graduate faculty 
in partial fulfillment of the requirements for the degree of 
MASTER OF SCIENCE 
Major: Crop Production and Physiology 
Program of Study Committee: 
Lance R. Gibson, Co-major Professor 
Douglas L. Karlen, Co-major Professor 
Matt Liebman 
Jean-Luc Jannink 
Iowa State University 
Ames, Iowa 
2004 
Copyright © Aaron John Schwarte, 2004. All rights reserved. 
11 
Graduate College 
Iowa State University 
This is to certify that the master's thesis of 
Aaron John Schwarte 
has met the thesis requirements of Iowa State University 
Signatures have been redacted for privacy 
iii 
TABLE OF CONTENTS 
CHAPTER 1. GENERAL INTRODUCTION .................................................. . 
Thesis organization ............................................................................... 2 
CHAPTER 2. I..,ITERATlJRE RE\TIEVV ........................................................... 3 
Triticale as a feed grain ........................................................................... 3 
Planting date effects on winter small grain yield .............................................. 8 
Planting date effects on winter small grain yield components .......................... 10 
Interactions between planting date and seeding rate affect grain yield ................ 14 
Interactions between planting date and phosphorus fertilization affect grain yield .. 15 
Date of planting effects on winter small grain forage yields ................................. 15 
Dual-purpose small grain production ....................................................... 17 
Forage quality.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 
Conclusions ......................................................................................... 20 
CHAPTER 3. PLANTING DATE EFFECTS ON WINTER TRITICAI..,E GRAIN 
YIEI..,D AND YIEI..,D COMPONENTS .............................................................. 22 
Abstract. ............................................................................................ 22 
Introduction ......................................................................................... 23 
Materials and methods ............................................................................ 25 
Data collection ................................................................................. 27 
Statistical design and analysis ............................................................... 27 
Results ............................................................................................... 28 
Weather conditions ........................................................................... 28 
Grain yield ..................................................................................... 29 
iv 
Yield components ............................................................................. 30 
Discussion .......................................................................................... 31 
Literature cited ..................................................................................... 34 
CHAPTER 4. PLANTING DATE EFFECTS ON AERIAL DRY MATTER AND 
NITROGEN ACCUMULATION OF WINTER TRITICALE .................................. 48 
Abstract ............................................................................................. 48 
Introduction ......................................................................................... 49 
Materials and methods ............................................................................ 51 
Data collection ................................................................................. 52 
Statistical design and analysis ............................................................... 53 
Results ............................................................................................... 54 
Weather conditions ........................................................................... 54 
Dry matter accumulation ...................................................................... 55 
Nitrogen concentration ........................................................................ 56 
Nitrogen removal .............................................................................. 57 
Discussion .......................................................................................... 58 
Literature cited ..................................................................................... 61 
CHAPTER 5. GENERAL CONCLUSIONS ...................................................... 75 
AN OVA TABLES ..................................................................................... 78 
LITERATURE CITED ................................................................................ 82 
AKNOWLEDGEMENTS ............................................................................. 95 
1 
CHAPTERl.GENERALINTRODUCTION 
Worldwide triticale (XTriticosecale Wittmack) production in 2003 totaled more than 
10.2 million Mg on approximately 3 million hectares (FAOSTAT, 2004). Presently, most of 
this occurs in Europe, with small pockets of production l.n Canada, the southeastern U.S., 
Africa, Latin America, Australia, and New Zealand (Varughese et al., 1996). Most triticale 
currently being produced in these areas is used as feed grain, forage or both for swine, 
poultry, and ruminants. Commercial triticale cul ti vars were first released in 1969 (Zillinksky, 
1974), but little research has been conducted on the crop in the U.S. Com and Soybean Belt. 
A few states outside of this area (e.g. Pennsylvania, Oregon, and North Dakota) have 
included triticale in their small grain variety trials and had good results (Heinbaugh et al., 
2002; Bassinette et al., 2003; North Dakota Agricultural Experiment Station, 2003). Initial 
studies with triticale in Iowa have also shown good results (Skrdla and Jannink, 2003). 
Yields have been the same or greater than the highest yielding wheat (Triticum aestivum L.) 
cul ti vars. The superior disease resistance of triticale compared to wheat was such that 
triticale research replaced feed wheat research in Nebraska (Baenziger et al., 2000). Five-
year averages of high yielding winter triticale cultivars had grain yields 25% greater than 
high yielding winter wheat in that state (Baenziger et al., 2004 ). The Nebraska data shows 
promise for triticale production in the Com and Soybean Belt and a need to gather more 
information on the adaptation of the crop in Iowa. 
Triticale may also benefit producers by increasing com and soybean yields. Studies have 
shown that although rotating the two crops resulted in com yields that were 10% better, and 
soybean yields that were 8% better than monoculture, first year com after five years of 
soybean yielded 15% better than monoculture, and first year soybean after five years of com 
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yielded 17% better than monoculture (Crookston et al., 1991). Introduction of small grains 
into a com-soybean rotation lengthens the time between successive plantings of each crop, 
significantly increasing yields (Zhang et al., 1996). Therefore, incorporating triticale into 
Iowa's current corn-soybean rotation could increase subsequent yields for both crops. 
The goal of my thesis work was to establish production practices that will maximize 
triticale grain yield, dry matter production, and N accumulation. Proper planting date has 
shown to be an important management component to wheat production in North America 
(Campbell et al., 1991; McLeod et al., 1992; Dahlke et al., 1993; Witt, 1996). Similarities 
between wheat and triticale suggest that planting date will be an important management 
consideration in Iowa. 
Thesis organization 
This thesis is organized in journal manuscript format. Chapter 1 is a general introduction 
and description of thesis contents. Chapter 2 is a literature review citing previous research 
into triticale use and planting date considerations. Chapter 3 contains a paper documenting 
the effects of planting date on winter triticale yield and yield components that will be 
submitted to a scientific journal. Chapter 4 is a paper documenting the effects of planting 
date on dry matter and nitrogen accumulation of triticale and will also be submitted to a 
scientific journal. Chapter 5 contains general conclusions obtained from this study. ANOV A 
tables for the study follow chapter 5. Literature cited in the manuscripts is included in 
chapters 3 and 4. The literature cited in the general introduction, literature review, and 
general conclusions follows the ANOV A tables. 
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CHAPTER 2. LITERATURE REVIEW 
Triticale as a feed grain 
The first triticale cultivars exhibited a high degree of variability in protein and amino acid 
composition (Villegas et al., 1970; Farrell et al., 1983). This resulted in feeding trials that 
were very inconsistent with results depending on the characteristics of the cultivar used 
(Shimada et al., 1974; Farrell et al., 1983). However, plant breeders have improved triticale 
feed quality and more consistent results may be obtained by selecting cultivars with a better 
protein and amino acid composition (Myer et al., 1989). New cultivars are more fertile, more 
resistant to ergot, and have plumper kernels with higher starch content and are, therefore, 
more suitable for feed grain (Jaikaran et al., 1998). As a result, triticale is becoming more 
widely available as feed grain in much of the world (NRC, 1989; Varughese, 1994). 
The major market for grain produced in Iowa is feed for livestock, primarily swine, beef, 
and poultry. Iowa ranks first in the United States in total com produced for grain (48.9 
million Mg) and commercial hogs produced for slaughter (28.8 million hogs) (Iowa 
Agricultural Statistics, 2002). The vast quantities of grain produced result in a readily 
available feed source for swine production in the state. However, corn is limiting in certain 
essential amino acids. Lysine is the first limiting amino acid in corn, wheat, barley (Hordeum 
vulgare L.), and many other cereal grains (Pond et al., 1995); therefore corn and other cereals 
must be supplemented with soybean meal to meet amino acid requirements. Soybean meal 
must be purchased and processed off of the farm before it can be used as feed resulting in a 
dependence on external sources of soybean meal for swine producers that mix their own 
diets. 
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The average lysine content of triticale feed is 0.39%, compared with 0.26% for com 
(NRC, 1998). This superior lysine content results in an average 6% (range 3% to 10%) 
greater feed value per bushel for triticale than corn (Bruckner et al., 1998). Research has 
shown that modern triticale cultivars can be a suitable replacement for corn as an animal feed 
(Hale and Utley, 1985; Hale et al., 1985; Coffey and Gerrits, 1989; Meyer et al., 1990; 
Jaikaran et al., 1998; Robertson et al., 1999). Swine fed triticale-based diets had rates of gain 
and feed efficiencies similar to those of pigs fed corn-based diets in those studies. This is an 
indication that triticale can replace 100% of the corn in swine diets. Triticale-based diets can 
also reduce feed costs by replacing some of the soybean meal needed as additional 
supplementation in corn-based diets. Because of its high lysine content, triticale can 
satisfactorily replace up to 50 kg of 44% soybean meal per 1000 kg of mixed diet while also 
replacing 100% of the corn. Triticale's replacement value (energy value) is estimated to be 
95 to 100% that of corn based on comparison of feed conversion efficiencies (Myer et al., 
1989). When fortified with lysine and methionine, triticale can satisfactorily replace 100% of 
the com and soybean meal with no change in pig performance (Hale et al., 1985). Recent 
research has also shown that swine fed triticale-based diets exhibited a lower phosphorus 
excretion by nearly 29% (Owsley et al., 2001) and higher N retention (Brand et al., 1995) 
than swine fed corn. 
Triticale also produces high quality straw that can serve as a good source of bedding. 
Because of this, triticale may have an immediate impact on production of swine in hoop 
buildings, which provide a low cost alternative to confinement swine production (Brumm et 
al., 1997). The production of swine in hoop buildings is becoming more common due to the 
low start up costs and improved pig health. Management of swine in hoop buildings requires 
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a large amount of bedding material. Small grain straw works well as bedding and would add 
value to the crop production system. Triticale can be raised for grain, forage or both. A 
triticale cultivar that produces high grain and straw yields will provide much of the feed and 
bedding needs for a swine producer utilizing a hoop building. 
In a few feeding trials, swine performance on triticale-based diets did not produce 
positive results when compared to corn. Lower weight gain and feed conversion efficiency 
were noted for triticale diets (Nishimuta et al., 1980; Myer et al., 1989; Brand et al., 1995). 
Myer et al. (1989) noticed a 6% growth reduction in the "grower phase" (29 kg to 59 kg) but 
no differences in the "finisher phase" (59 kg to 98 kg) for swine. A trend of linear reduction 
in feed conversion efficiency with increasing levels of triticale also occurred in the grower 
phase. The variations in feeding results obtained by researchers may be attributed to 
differences in the occurrence of anti-nutritional substances. These include tannins, 5-
alkylresorcinol and trypsin inhibitors (Evans, 1985). 
Another important factor that may limit use of triticale as a feed is contamination with 
ergot (Claviceps purpurea) (Shimada et al., 1974). Ergot infects most members of the grass 
family, including triticale, wheat, barley, oats (Avena sativa L.), and rye (Secale cereale L.). 
Ergot causes very minimal grain yield losses, however tolerance to the presence of ergot in 
commercial markets is very low (Skovmand et al., 1984). Triticale, oats, and barley are 
classified as ergoty and unacceptable when they contain 0.10% ergot by weight while rye and 
wheat have a 0.30% and 0.05% threshold, respectively (Federal Grain Inspection Service, 
2004). Recent studies have shown that feeding ergot-infected wheat to swine with as little as 
0.10% ergot can reduce average daily gains (Oresanya et al., 2003). Livestock that are fed 
ergot contaminated grain experience reduced weight gains, lower reproductive capacity, and 
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lower milk production (Robbins et al., 1986). Symptoms of severe ergotism include 
staggering, convulsions, temporary posterior paralysis, and loss of blood flow to limbs, ears, 
and the tail (Burfening, 1973). Triticale susceptibility to ergot in Iowa has been dependent on 
location, cultivar, and environment (J.-L. Jannink and L.R. Gibson, personal communication, 
2003). Within 40 cultivars of winter triticale, grown in 2002 and 2003 at five contrasting 
locations throughout Iowa, average ergot infection levels were 0.015% and 0.024%, 
respectively. In 2002, 200 of the 432 plots had zero ergot and 8 plots exceeded the 0.1 % 
threshold. All but one of the plots that reached the threshold were at the Calumet, IA 
location. Of the 535 plots harvested in 2003, 263 had zero ergot while 28 surpassed the 
threshold. All but one of the plots that exceeded the threshold were located at either Calumet 
or Lewis, IA (J.-L. Jannink and L.R. Gibson, personal communication, 2003). 
Triticale may be fed to other livestock in addition to swine. Hill and Utley ( 1986) found 
that the high protein concentration and excellent amino acid profile of 'Beagle 82' triticale 
enabled young growing cattle to utilize it more efficiently than corn. Steers fed a 50:50 mix 
of triticale and corn performed better than those fed diets containing only triticale or com 
(Smith et al., 1994). Triticale substituted for all of the barley (5.5 kg day-1) in a total mixed 
ration containing maize, barley, protein supplement, maize silage, and alfalfa (Medicago 
sativa L.) hay when fed to high yielding dairy cows without affecting animal performance or 
health (Biedenbach and Porter, 1990). Reddy et al. (1975) observed that Hereford bullocks 
fed a 74% triticale diet had lower average daily gains, lower carcass weights, less marbling 
and a high incidence ofliver abscesses when compared to a corn diet. The results for triticale 
diets were similar to a 74% wheat diet. It was concluded that palatability and consumption 
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might be increased by steam rolling triticale, making it a potentially important feed grain for 
beef finishing rations (Reddy et al., 1975). 
Some research has also demonstrated that triticale can replace wheat or corn without any 
negative effects on hen performance (Chodhary and Netke, 1976; Kim et al., 1976; Castanon 
et al., 1990; Righter and Lemser, 1993). Castanon et al. (1990) concluded that partial 
replacement of maize by triticale did not affect feed consumption, laying rate, or feed to gain 
ratio. As increasing levels of triticale were included into hen diets, mean egg weights 
increased, with the heaviest egg weights occurring when fed the highest levels of triticale. 
Chodhary and Netke (1976) concluded that complete substitution of maize for triticale by 
weight did not adversely affect egg production or egg weight. Egg production was 
significantly higher for hens fed unsupplemented triticale than hens fed unsupplemented 
maize while egg production of hens fed unsuplemented triticale equaled that of hens fed 
maize supplemented with meat meal (Chodhary and Netke, 1976). However, feeding triticale 
to broilers, as opposed to wheat, resulted in birds having lower final body weight and average 
daily gains and a higher feed conversion ratio (g of feed/g of gain) in Alberta (Korver et al., 
2004). The study concluded that in order for triticale to be economically feasible, its price 
must be less than or equal to 95% that of wheat. 
Research shows that using triticale as a feed grain has produced both positive and 
negative results when compared with other feed grains. Several factors undoubtedly 
contributed to this, but a primary difference was the triticale cultivar. Iowa has a tremendous 
market available for triticale if specific cultivars are proven to have consistently positive 
feeding results. New triticale cultivars are continuously being developed and feeding trials 
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are ongoing. While it is important to identify cultivars for superior feeding value, research on 
triticale's adaptation and agronomic performance in different regions of Iowa is needed 
before it can become a major feed source for the state's animal industry. 
Planting date effects on winter small grain yield 
Planting date is considered to be one of the most important management factors involved 
in small grain production (Campbell et al., 1991; McLeod et al., 1992; Dahlke et al., 1993; 
Witt, 1996). However, cash grain farmers wanting to diversify their cropping system may 
need to delay seeding of winter grains until after the optimal date (Dahlke et al., 1993) to 
accommodate the harvest of preceding crops. Therefore, date of seeding will be dependent on 
harvest progression of the crop that small grains will follow. Numerous studies support the 
fact that winter small grains suffer yield reduction when not planted within the optimum fall 
window in many climatic regions of the United States and Canada (Knapp and Knapp, 1978; 
Fowler, 1986; Blue et al., 1990; McLeod et al., 1992; Dahlke et al., 1993; Shah et al., 1994; 
Witt, 1996). Many of these studies have been done using winter wheat, and, to a lesser 
extent, rye. 
With optimum seeding dates, maximum wheat yield can be achieved through use of cold 
tolerant and earlier maturing cultivars (Knapp and Knapp, 1978; Fowler, 1982). Healthy and 
vigorous plants must be established in the fall in order to attain maximum cold tolerance, 
achieve complete vemalization, and provide optimum energy reserves for the following 
spring (Martin, 1926; Pittman and Andrews, 1961; Klebesadal, 1969; Fowler, 1982). A 
significant reduction in grain yield has been shown to occur with delayed seeding for a wide 
range of climatic conditions (Knapp and Knapp, 1978; Fowler, 1986; Blue et al., 1990; 
McLeod et al., 1992; Dahlke et al., 1993; Shah et al., 1994; Witt, 1996). Delayed planting of 
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winter wheat decreased grain yield by 18% per month from 1 October to 1 December in 
Kansas (Witt, 1996). Winter wheat planted in early-November averaged 35% higher grain 
yields than that planted 35 days later in Louisiana (Shah et al., 1994). Canadian studies show 
winter wheat yield declined 30 to 40% when seeding was delayed from early-September to 
late-October (McLeod et al., 1992). A 34% decrease in grain yield occurred when planting 
was delayed from 22 September to 19 October in Nebraska (Blue et al., 1990). Winter wheat 
that accumulated 400 growing degree-days (GDD) (4.4°C base temperature) between 
planting and 31 December resulted in the highest grain yields in this Nebraska study (Blue et 
al., 1990). With less than 400 GDD, tillering decreased leading to fewer spikes m-2 and lower 
grain yields. With more than 400 GDD, yield decreases were also noted (Blue et al., 1990). 
This was attributed to a higher incidence of fall diseases occurring in the larger, more 
susceptible, early-planted crop (Slykhuis et al., 1957; Fowler, 1982). 
Maintaining adequate spring plant stands is also essential for determining final grain 
yield of winter wheat (Black and Bauer, 1990). Therefore, planting dates that result in 
excessive winterkill should be avoided. Late seeding of winter wheat or rye can result in low 
vigor and root reserves making the plants vulnerable to winterkill (Pittman and Andrews, 
1961; Thill et al., 1978; Fowler, 1982), while early seeding may result in increased winterkill 
due to large plants with a higher incidence of diseases, such as crown and root rot (Slykhuis 
et al., 1957; Fowler, 1982). In the absence of disease problems, early planting enables wheat 
to produce more fall tillers which tend to be more synchronized in grain development and 
result in higher yield than spring produced tillers associated with later planted wheat 
(Gallagher, 1984). However, when the optimum seeding date cannot be achieved, a 
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moderately delayed date is often preferred over early dates because of reduced problems with 
disease, insects, or winterkill (Suneson and Kiesselbach, 1934; Slykhuis et al., 1957; 
Andrews et al., 1960; Huber, 1981; Cisar et al., 1982). 
Planting date effects on winter small grain yield components 
Small grain cereals have three primary yield components that contribute to final grain 
yield: spikes m-2, kernels spike-I and kernel weight (Engledow and Wadham, 1923; Hamid 
and Grafius, 1978; Garcia del Moral et al., 1991; Frederick and Bauer, 1999). Yield is 
dependent on the sequential development of these three components (Darwinkel, 1978), and 
compensation among components is very important. Compensation occurs during later 
growth stages when either kernels spike-I or kernel weight overcome restrictions and/or 
losses due to more favorable conditions (Evans and Wardlaw, 1976). In cases where stand 
reduction occurs due to winterkill, yield compensation occurs through increased tillering of 
surviving plants, thus resulting in increased spikes m-2 (Holen et al., 2001). Wheat planted at 
an optimum date will have greater yield potential than late-planted wheat because of 
increased tillers, spikes, kernels per spike, and kernel weight (Darwinkel et al., 1977; Thill et 
al., 1978). 
The number of spikes m-2 is often considered to be the most important grain yield 
component (Smid and Jenkinsen, 1979; Blue et al., 1990), being determined by plant 
population, the extent of tillering per plant, and how many tillers produce reproductive 
structures. Witt (1996) found that delaying planting of winter wheat in Kansas from 1 
October to 1 December decreased the number of spikes m-2 from 594 to 399. Dahlke et al. 
(1993) noted a similar decrease for winter wheat planted in Wisconsin. Spikes m-2 decreased 
from 580 to 238 as a result of delaying planting from early-September to late-October, 
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respectively. The decrease in spikes also resulted in lower grain yields. The yield loss was 
attributed to the wheat not being able to fully compensate for fewer spikes by increasing 
kernel weight or kernels spike-1 (Dahlke et al., 1993). A decrease in spikes m-2 has also 
occurred in response to early-planted barley and wheat (Stickler and Pauli, 1964; Knapp and 
Knapp, 1978). The decrease is attributed to an increase in winter damage of larger, more 
susceptible early-planted plants and a lesser extent of tillering in later planted treatments. 
Delayed planting reduced the correlation between wheat yield and kernels spike-1 more 
than between yield and spikes m-2 (Evans et al., 1971; Blue et al., 1990) or kernel weight 
(Blue et al., 1990). However, kernels spike-1 still contributed to differences in grain yield in 
some studies. Winter wheat grown in Nebraska and Wisconsin had no change in kernels 
spike-1 as planting was delayed from mid-September to late-October and late-August to 
early-November, respectively (Blue et al., 1990; Dahlke et al., 1993). Knapp and Knapp 
( 1978) recorded a decrease in kernels spike-1 for both earlier and later than optimum (mid to 
late-September) seeding of winter wheat in New York. Delaying planting from I October to 
1 December in Kansas decreased kernels planr1 from 56 to 42 (Witt, 1996). Kernels spike-1 
decreased from approximately 20 to 12 as planting was delayed from 1 November to 1 
March (Witt, 1996). The number of spikelets per head did not change with planting dates, 
therefore the decreased kernels planf1 and kernels spike-1 was a result of increased 
barrenness of spikelets. Witt (1996) concluded that each decrease of one kernel planf1 results 
in an average grain yield loss of 32 kg ha- 1• In a similar study in Louisiana, there was a 
decrease in kernels spike-1 in five of six environments by an average of 16% when planting 
was delayed from early-November to mid-December (Shah et al., 1994). This decrease was 
attributed to a shorter phyllochron interval during head development. A phyllochron interval 
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is the developmental time required for elongation of successive mainstem leaves, usually 
measured in growing degree-days (Krenzer et al., 1991 ). Shah et al. ( 1994) attributed most of 
the yield loss associated with delayed planting to lighter kernels and fewer kernels spike-1 
because there was no change in spikes m-2 in their study. 
Kernel weight is another important factor affecting final grain yield. Water (Ro yo et al., 
2000) and heat stress (Gibson and Paulson, 1999) occurring after anthesis often have a 
detrimental effect on grain yield by reducing kernel weight. Planting date effects on kernel 
weight typically do not influence final grain yield as much as spikes m-2, but kernel weight 
does become more of a factor as planting date is delayed (Blue et al., 1990). In Nebraska, 
delaying planting from mid-September to late-October decreased the correlation between 
grain yield and spikes m-2 from 0.42 to 0.08, while the correlation between yield and kernel 
weight (which decreased from 28.5 to 24.5 mg kemer1) increased from 0.38 to 0.71. This 
indicated that spikes m-2 were a less important determinant of final yield than kernel weight 
as planting is delayed (Blue et al., 1990). Witt (1996) noted a 148 kg ha-I decrease in grain 
yield in Kansas for each one g decrease in 1000 kernel weight and a decrease of 0.97 g per 
1000 seeds for each month that planting was delayed from 1 October through 1 February. 
These results are in agreement with many other studies (Stickler and Pauli, 1964; Knapp and 
Knapp, 1978; McLeod et al., 1992), although Rocheford et al. (1988) reported an increase in 
kernel weight as planting was delayed from mid-September to mid-October in Maryland. The 
increased kernel weight was attributed to a compensatory physiological response to 
reductions in spikes m-2 and kernels spike-I. Less favorable growing conditions that occurred 
when the plants were determining spikes m-2 and kernels spike-I opened the window for more 
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resources to be allocated to the seed once growing conditions became more favorable, thus 
increasing kernel weight (Evans and Wardlaw, 1976). 
Test weight, the weight of grain per unit volume, has been shown to decrease with 
delayed planting in a similar fashion as grain yield. An average test weight loss of 2.96 kg 
hr1 (2.3 lb bu-1) per month was reported as planting was delayed in Kansas (Witt, 1996). 
Similar results were found for winter wheat grown in Saskatchewan where test weight 
decreased from 77 to 72 kg hr1 (60 to 56 lb bu-1) when planting date was delayed from early-
September to early-November (McLeod et al., 1992). 
Date of planting studies in Kansas showed that heading date for winter wheat had a 
higher correlation with grain yield than kernel weight, grain filling days, spikes m-2, kernels 
planf1, and test weight (Witt, 1996). Early heading was associated with greater numbers of 
spikes m-2 and spikes planf1 and therefore greater yields. Early heading allows for more 
climatically favorable growth conditions during seed set, seed development, and grain filling 
periods (Witt, 1996) because cooler temperatures result in a longer period for grain fill 
(Housley and Ohm, 1992; Gibson and Paulson, 1999). An extended grain filling period is 
favorable for increased kernel size and density, which correlate positively with grain yield. 
Late heading is promoted by delayed planting dates, which shifts the majority of the grain 
filling period into unfavorably high temperatures (Witt, 1996). When winter wheat seeding 
was delayed from early-September to early-November in Saskatchewan, the time required to 
reach maturity increased by 10 to 13 d. This resulted in the plant being exposed to increased 
moisture stress and disease (e.g., rust) infestation (McLeod et al., 1992). Heading for two 
cultivars grown in Saskatchewan was delayed by 1 to 2 d for each 2 wk delay in seeding 
(Smid and Jenkinson, 1979). Similar results were found in Maryland (Rocheford et al., 
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1988). Maturity was delayed by 1 d for the first 2 wk delay in seeding and by 2 to 4 d for 
subsequent 2 wk delays. Therefore, the rate of development of later seeded plants was more 
rapid than those seeded earlier, thus resulting in a decreased pre-heading developmental 
period (Darwinkel et al., 1977: Thill et al., 1978; Smid and Jenkinson, 1979; Rocheford et al., 
1988). More rapid development results in a greater proportion of less developed, late tillers 
(Rocheford et al., 1988). This has been associated with a decrease in spikes m-2 and kernels 
spike-1 (Darwinkel et al., 1977: Thill et al., 1978). 
Increased temperatures during reproductive development generally explain much of the 
yield loss attributed to delayed maturity associated with delayed seeding. Wheat is vulnerable 
to high temperatures during most reproductive stages (Nicolas et al., 1984; Wardlaw et al., 
1989; Tashiro and Wardlaw, 1990a, b; Gibson and Paulson, 1999). Gibson and Paulson 
( 1999) applied temperature regimes of 20/20 (day/night), 25/20, 30/20 and 35/20 to winter 
wheat at 10, 15 and 20 days after anthesis until maturity. As temperature was increased from 
20120 to 35/20 at 10 d after anthesis, a reduction in vegetative weight, kernel number and 
weight, reproductive duration, harvest index, and grain yield occurred. However, when high 
temperature treatments were applied from 20 dafter anthesis to maturity, only a decrease in 
kernel weight and harvest index occurred. Therefore, timely planting in the fall is vital to 
ensure that reproductive development will occur when heat stress is less likely. 
Interactions between planting date and seeding rate affect grain yield 
Negative grain yield effects caused by delayed seeding can be minimized by increasing 
the seeding rate (Darwinkel et al., 1977; Blue et al., 1990; Dahlke et al., 1993). Increased 
seeding rates will increase the number of plants m-2 and compensate for reduced tillering that 
normally occurs with delayed planting. Studies in Colorado, Kansas, Nebraska, and South 
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Dakota showed that if late planting dates are used, increasing the seeding rate of winter 
wheat from 34 to 101 kg ha· 1 can result in a linear increase in grain yield (Kiesselbach, 1926; 
Martin, 1926 and Blue et al., 1990). Dahlke et al. (1993) reported the highest winter wheat 
yields in Wisconsin were achieved by planting 301 seeds m·2 in late-August to early-
September. When planting was delayed to mid-September, comparable yields were obtained 
by increasing the seeding rate to 452 to 602 seeds m·2 but if seeding was delayed past 23 
September, increased seeding rates could not sustain grain yield (Dahlke et al., 1993). 
Interactions between planting date and phosphorus fertilization affect grain yield 
Applying phosphorus (P) fertilizer near the seed can reduce yield reductions caused be 
delayed planting (Hipp, 1987; Blue et al., 1990; Sander and Eghball, 1999) and increase cold 
hardiness of winter cereals (Grant et al., 1984). Winter survival of wheat grown in Manitoba 
was increased from 53 to 71 % with the addition of 10.9 kg ha·' of P on soils with low plant 
available P. Phosphorus fertilization increased grain yield by increasing tillering and the 
number of spikes m·2 (Knapp and Knapp, 1978; Black, 1982), but kernel weight and kernels 
spike-1 were affected to a lesser degree (Knapp and Knapp, 1978). Blue et al. (1990) had 
significant grain yield increases of 21 % and 37% over two years when P rates in wheat were 
increased from 0 to 17 kg ha·1 on low Bray and Kurtz no. l (3-10 mg kg- 1) P testing soils in 
southeastern Nebraska. The increased yields were attributed to a corresponding increase in 
spikes m·2 and kernel weight with increases in P rate. 
Date of planting effects on winter small grain forage yields 
Triticale, like other small grains, may be grown for grain, forage, or both forage and 
grain (Redmon et al., 1995). Small grains seeded in the fall offer extended periods of grazing 
in the late fall and early spring when other forages are unavailable (Ramos et al., 1993; Baron 
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et al., 1999; Maloney et al., 1999; Rao et al., 2000; Lyon et al., 2001; Hossain et al., 2003). 
Winter triticale, wheat, rye and barley are the most common small grains used for dual-
purpose forage and grain production where the crop is grazed or harvested in the fall or 
spring as a forage and then allowed to re-grow, mature and produce grain. The amount of 
forage available is dependent on the length of growing period, therefore planting date is one 
of the most important management decisions influencing this practice (Hessian et al., 2003). 
Winter small grains are often planted early to maximize fall forage production (Barron et 
al., 1999; Lyon et al., 2001; Hessian et al., 2003). Lyon et al. (2001) noted a 1500 kg ha- 1 
increase of fall-harvested forage in Nebraska when wheat was planted in late August, as 
opposed to the three succeeding planting dates from early to late-September. Fall forage 
production decreased by 68% when seeding was delayed from 10 to 30 September in 
Oklahoma (Hossain et al., 2003). As seeding was delayed in Alberta, Canada, fall produced 
leaves and tillers decreased with the number produced being correlated very highly with 
accumulated growing degree-days from seeding (Baron et al., 1999). It was also noted that 
rye had more tillers than triticale, which had more tillers that wheat. 
Delayed planting of winter triticale and wheat also decreases forage yield in the 
subsequent spring and summer (Corns, 1959; Bransby et al., 1977; Thill et al., 1978; Baron et 
al., 1999). When seeding of winter wheat in Alberta was delayed from late-August to late-
September, heading was delayed by 2 to 4 d and forage yield at the dough stage was reduced 
by 30% (Corns, 1959). Winter wheat planted in early-September in Washington produced 
three more tillers per culm, headed 2 to 3 d earlier, and had shoot weights that were 13 Mg 
ha-1 greater than wheat planted one month later (Thill et al., 1978). Thill et al. also reported 
initial rate of canopy growth in the spring was much greater for the early-September planted 
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wheat with canopy closure occurring 50 and 28 days prior to anthesis for the early and late 
planted wheat, respectively. Winter triticale, rye, and wheat were seeded in Canada at three 
fall dates and harvested in the spring when canopy height was 2 inches, as measured with a 
weighted disk (Bransby et al., 1977). The 15 August seeding date was available for the first 
forage harvest 10 to 12 d earlier than the 1 September seeding date, which was available 11 
to 16 d earlier than the 15 September seeding date. Rye was available for harvest 8 to 19 and 
11 to 19 d earlier than triticale and wheat, respectively. It was concluded that early fall 
seeding resulted in earlier forage availability in the spring (Baron et al., 1999). The time that 
forage was first available in the spring was closely related to GDD from seeding to freeze-up 
in the fall. This implied that any cereals planted after 15 September in Canada are very 
unlikely to produce sufficient forage for early spring grazing (Baron et al., 1999). 
Dual-purpose small grain production 
When producing small grains for forage and grain, the timeliness of cutting is very 
important. Removal of fall-produced vegetation resulted in very little to no loss of grain yield 
if grazing or clipping is properly managed (Christiansen et al., 1989; Winter et al., 1990; 
Worrell et al., 1992; Lyon et al., 2001 ). Lyon et al. (2001) studied the effect of cutting and 
harvesting winter wheat in the fall and at jointing, boot, and maturity on subsequent grain 
yield. Forage harvested in the fall had no detrimental effects on grain yield, but if forage was 
harvested at jointing, there was a 518 kg ha-1 decrease in final grain yield compared to the 
no-cutting treatment. When cutting was delayed until boot stage or physiologic maturity, no 
subsequent grain production occurred (Lyon et al., 2001). The study agrees with the literature 
review by Redmon et al. ( 1995) that concluded that if grazing is terminated at jointing, grain 
to be harvested would only have a slight depression in yields. Harvesting winter triticale 
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forage just before jointing in Louisiana resulted in grain yields similar to treatments that had 
no forage harvested. However, if delayed until early boot stage, forage yields were 1530 kg 
ha-1 higher than those harvested at jointing, but grain yields were 5 times less than those cut 
at jointing or left uncut (Miller et al., 1993 ). 
Occasionally, grain yields may increase when forage is harvested, especially when 
fertility and weather conditions are favorable for excessive stalk growth that subsequently 
results in lodging (Sprague, 1954; Winter and Thompson, 1990). Grazing or clipping 
vegetation in the fall or spring will result in shorter plants that will be less prone to lodging, 
therefore increasing grain yields when conditions are favorable (Cutler et al., 1949; Aldrich, 
1959; Christiansen et al., 1989). However, with low fertility or unfavorable weather, grain 
yield losses may be proportionate to the duration and intensity of grazing (Christiansen et al., 
1989). 
When small grains are planted earlier than recommended to increase fall and spring 
forage production, disease problems may occur. Larger plants have a higher incidence of 
crown and root rot, which will increase winterkill and reduce forage and grain yields in the 
spring (Slykhuis et al., 1957; Fowler, 1982). Early planting also shifts the major water 
extraction period from spring to fall, which can reduce forage and grain yields if water 
supplies are not replenished (Winter and Musick, 1993). As planting was delayed to the 
recommended late date (10 to 19 September) in Nebraska, grain yields increased, but 
delaying until the very late date (21to30 September) decreased grain yields by 12% (Lyon et 
al., 2001 ). Forage yield at boot stage and physiologic maturity also increased slightly or 
stayed the same when planting was delayed to slightly after the recommended date. When 
winter wheat was seeded on 24 August in Oklahoma, fall forage yields were 3277 kg ha- 1, 
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but grain yields were only 1879 kg ha-I. Delaying seeding until 8 October reduced fall forage 
yields to 246 kg ha-I but increased grain yields to 3196 kg ha-I (Hossain et al., 2003). This 
demonstrates the fact that high fall forage yields and high spring grain yields are difficult to 
achieve unless there is an absence of disease problems. Therefore, producers must make a 
decision prior to planting on whether forage or grain production is more important to their 
system. 
Differences between winter wheat cultivars in fall and spring forage potential have been 
reported to be very large (Krenzer et al., 1992). Cultivars that produce high forage yields 
often produce low grain yields while those that produce high grain yields will not produce an 
adequate forage supply for grazing or harvesting in the fall or early spring. As a result it is 
often more economical to choose a cultivar for dual-use that may not be the highest yielding 
in grain or forage, but will produce adequate amounts of both (Krenzer et al., 1996). 
Knowing the intended purpose of the small grain and selecting a cultivar to match that need 
is essential for meeting the overall production system goals. 
Forage quality 
When harvesting small grains for forage, a compromise must be made between quality 
and quantity since yield and nutrient levels are greatly influenced by plant maturity. As small 
grains mature, fiber concentration increases while crude protein concentration decreases 
(Boisen, 1984). Crude protein in winter wheat forage grown in Nebraska averaged 310 g kg- 1 
when harvested in the fall or at jointing in the spring, but dropped to 170 g kg-I when harvest 
was delayed until boot stage (Lyon et al., 2001). Date of planting also has a significant effect 
on crude protein levels in wheat forage. Winter wheat planted very early (23 to 28 August) 
had lower crude protein at all harvest stages while all subsequent planting dates (3 to 9, 10 to 
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19, and 21 to 30 September) tended to have similar crude protein levels. Acid detergent fiber 
(ADF) and neutral detergent fiber (NDF) values of fall forage increased as planting was 
delayed. However, ADF and NDF in the spring did not significantly differ as a result of 
planting date (Lyon et al., 2001). Winter triticale and wheat harvested at the boot to early 
heading stage in New Mexico had crude protein values 35 g kg-1 less than rye, but wheat and 
triticale produced 1.81 Mg ha-1 more forage (Lauriault and Kirksey, 2004). Net energy 
lactation and neutral detergent fiber were also similar for triticale, wheat, and rye. Brown and 
Almodares (1976) found no differences in forage crude protein concentration between 
triticale, wheat, and rye but did see an increase in cell wall contents in rye as cutting was 
delayed from January to April in Georgia. 
Conclusions 
Numerous studies document that winter small grains suffer grain and forage yield 
reductions when not planted within the optimum period for any climatic region within the 
United States and Canada. When planted too early, disease often reduces yield (Slykhuis et 
al., 1957; Fowler, 1982) while late planting reduces energy reserves and vigor often resulting 
in increased winterkill (Pittman and Andrews, 1961; Thill et al., 1978; Fowler, 1982). Early 
or late planting of small grains usually results in yield loss due to reductions in one or more 
yield components, which includes the number of spikes m-2, kernels spike-1, or kernel weight. 
Higher temperatures during late spring or summer as the plants mature are often responsible 
for these reductions. Many planting date studies have been done with winter wheat, and a 
few with rye. However, very little research has been conducted on triticale yield and yield 
components as affected by date of planting in the U.S., especially in the Corn and Soybean 
Belt. 
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Triticale seems to have a distinct niche that it may be able to fill in Iowa agriculture. 
Many feeding trials have proven that triticale can be a suitable replacement for maize when 
fed to swine, beef, and poultry. In addition to feed, triticale also produces high quality straw 
for use as bedding for swine producers utilizing hoop buildings. Outstanding agronomic 
performance as compared to wheat has been proven in Nebraska where triticale grain yields 
have been up to 25% greater than that of wheat (Baenziger et al., 2004 ). Increasing pest and 
disease pressure is being put on the current com-soybean rotation that occupies much of Iowa 
and the Com and Soybean Belt. Adding triticale as a third crop will lengthen the time 
between successive plantings of corn and soybean resulting in greater yield and reduced 
pesticide use. Iowa producers realize that there is a need for a change in the current com-
soybean rotation and feel that it is important to include small grains or forages in a crop 
rotation. However, they are concerned with the economic risk associated with growing crops 
other than com and soybean (Karlen et al., 1991). Triticale could fill a unique niche in that it 
is planted in the fall and harvested in the summer. Appropriate timing of fall planting dates 
must be assessed in order to maximize, not only triticale production, but also the production 
of the full-season annuals of corn and soybean with which it would share a rotation. Once 
knowledge of the agronomic performance and proper management techniques are known, 
triticale may have the potential to become an important grain crop in the Iowa agricultural 
system. 
22 
CHAPTER 3. PLANTING DATE EFFECTS ON WINTER TRITICALE 
GRAIN YIELD AND YIELD COMPONENTS. 
Abstract 
A paper submitted to Crop Science 
Aaron J. Schwarte, Lance R. Gibson, Douglas L. Karlen, 
Matt Liebman, and Jean-Luc Jannink 
Winter triticale (XTriticosecale Wittmack) has the potential to introduce valuable 
economic and environmental benefits to U.S. grain production systems. In order to maximize 
triticale value, research was conducted to identify planting dates that allow maximum 
productivity after soybean [Glycine max (L.) Merr.]. Winter triticale was planted at 10-d 
intervals from 15 September to 15 October at three Iowa locations: central, northeast, and 
southwest over three growing seasons: 2001-02, 2002-03, and 2003-04. Grain yields tended 
to be greater at southwest than central, which was greater than northeast. Delaying planting 
from late-September to mid-October reduced grain yields from 3.64 to 3.23, 3.30 to 2.83, and 
4.89 to 3.66 Mg ha-1 at central, northeast, and southwest locations, respectively. Spikes m-2 
decreased from 469 to 393 and seeds spike-1 increased from 35.9 to 39.4 as planting was 
delayed from mid-September to mid-October. Increased seeds spike-1 could not fully 
compensate for decreased spikes m-2 with delayed planting, making spikes m-2 the most 
influential component of grain yield as planting was delayed. Planting date did not affect 
seed weight. Yield was greatest when at least 300 growing degree days (GDD) (base 4 °C) 
accumulated between planting and 31 December. Winter triticale would most likely be 
placed after soybean in a grain crop rotation in the central U.S. Corn and Soybean Belt. Our 
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results suggest that a two to three week period would be available for planting winter triticale 
after soybean in Iowa without diminished yield caused by late planting. 
Introduction 
Proper planting date is one of the most important management factors involved in 
producing high yielding small grains (Campbell et al., 1991; McLeod et al., 1992; Dahlke et 
al., 1993; Witt, 1996). However, growers may have to delay seeding of winter small grains 
until after the optimal date to accommodate harvest of preceding full-season summer crops. 
Numerous studies support the fact that winter small grains suffer yield reduction when not 
planted within the optimum fall window in many climatic regions of the United States and 
Canada (Knapp and Knapp, 1978; Fowler, 1986; Blue et al., 1990; McLeod et al., 1992; 
Dahlke et al., 1993; Witt, 1996). Most of these studies have been done using winter wheat 
(Triticum aestivum L.), and, to a lesser extent, rye (Secale cereale L.). 
Optimum fall seeding dates establish healthy and vigorous plants that allow achievement 
of maximum cold tolerance, complete vemalization, and optimum energy reserves for the 
following spring (Martin, 1926; Pittman and Andrews, 1961; K.lebesadal, 1969; Fowler, 
1982). A significant reduction in grain yield has been shown to occur with delayed seeding 
for a wide range of climatic conditions (Knapp and Knapp, 1978; Fowler, 1986; Blue et al., 
1990; McLeod et al., 1992; Dahlke et al., 1993; Witt, 1996). Delayed planting of winter 
wheat from 1 October to 1 December in Kansas decreased grain yield by 18% per month 
(Witt, 1996). Wheat yield declined 30 to 40% when seeding was delayed from early-
September to late-October in Alberta (McLeod et al., 1992). A 34% decrease in grain yield 
occurred when planting was delayed from 22 September to 19 October in Nebraska (Blue et 
al., 1990). A minimum of 400 GDD (4.4°C base temperature) between planting and 31 
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December were needed to produce the highest grain yields in Nebraska (Blue et al., 1990). 
With less than 400 GDD, tillering decreased leading to fewer spikes m-2 and lower grain 
yields. 
Spikes m-2 is often considered to be the most important yield component of small grains 
(Smid and Jenkinsen, 1979; Blue et al., 1990). When winter wheat planting was delayed from 
early-September to late-October in Wisconsin, spikes m-2 decreased from 580 to 238. The 
lower grain yields that accompanied the decrease in spikes were attributed to the wheat not 
being able to fully compensate for yield reduction via fewer spikes by increasing kernels 
spike-1 or kernel weight (Dahlke et al., 1993). Knapp and Knapp (1978) recorded a decrease 
in kernels spike-1 for both earlier and later than optimal seeding of winter wheat in New 
York. Winter wheat grown in Nebraska and Wisconsin had no change in kernels spike-1 as 
planting was delayed from mid-September to late-October and late-August to early-
November, respectively (Blue et al., 1990; Dahlke et al., 1993). 
Kernel weight is another important factor affecting final yield of small grains. Water 
(Royo et al., 2000) and heat stress (Gibson and Paulson, 1999) occurring after anthesis often 
have detrimental effects on wheat grain yield by reducing kernel weight. This is compounded 
by the later maturation of small grains caused by delayed planting which puts reproductive 
development during unfavorably hot and dry conditions (Witt, 1996). Planting date effects on 
kernel weight typically have less influence on final grain yield than spikes m-2, but kernel 
weight may become more of a factor as planting is delayed (Blue et al., 1990) In Nebraska, 
delaying planting from mid-September to late-October decreased kernel weight from 28.5 to 
24.5 mg kerner1• As planting was delayed the correlation between grain yield and spikes m-2 
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decreased from 0.42 to 0.08, while the correlation between yield and kernel weight increased 
from 0.38 to 0.71 (Blue et al., 1990). 
Limited information is available pertaining to management and production of triticale in 
the U.S. Corn/Soybean Belt. Variety tests with winter triticale in Iowa (Skrdla and Jannink, 
2003) and Nebraska (Baenziger et al., 2004) have shown good results with yields being 
greater than the highest yielding wheat cultivars. Triticale' s high yields and high feeding 
value (Bruckner et al., 1998) show promise for introduction into the livestock rich 
Com/Soybean Belt. However, there is a need to gather more information on the adaptation 
and management of triticale in this region. The objectives of this study were to: (i) determine 
optimum planting dates of winter triticale, and (ii) determine the relationships among grain 
yield components as affected by planting date. 
Materials and methods 
Winter triticale was evaluated during 2001-02, 2002-03, and 2003-04 at three Iowa 
locations. Trials were conducted in central Iowa at the Iowa State University (ISU) Bruner 
Farm near Ames (42.0°N, 93.6°W), the ISU Northeast Research and Demonstration Farm 
near Nashua (43.0°N, 92.5°W), and in southwest Iowa at the USDA Deep Loess Research 
Station near Treynor (41.2°N, 95.6°W) in 2002-03 or at the ISU Armstrong Research and 
Demonstration Farm near Lewis (41.3°N, 95.1°W) in 2003-04. Predominate soil types were 
Nicollet loam (Fine-loamy, mixed, mesic Aquic Hapludolls) at the Bruner Farm, Kenyon 
loam (Fine-loamy, mixed, superactive mesic Typic Hapludolls) at Nashua, Monona silt loam 
(Fine-silty, mixed, mesic Typic Hapludolls) at Treynor, and Marshall silty clay loam (Fine-
silty, mixed, mesic Typic Hapludolls) at Lewis. 
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Winter triticale was seeded using a no-till drill (Tye® model 2007, AGCO Corp., 
Lockney, TX) with 10 rows spaced 20.3 cm apart. Oat (Avena sativa L.) was the previous 
crop at Ames and Nashua and sweet corn at Treynor in 2001. Soybean was the previous crop 
at all locations in 2002 and 2003. No tillage was performed unless previous production 
practices left the soil surface unsuitable for planting. Minimum tillage (field cultivation) was 
performed at all locations in 2001, at Treynor in 2002, and at Lewis in 2003. The seeding rate 
was 330 seeds m·2 for all years and locations. Plot size was 5.9 m by 15.2 m. Targeted 
planting dates were 15 September, 25 September, 5 October, and 15 October. Actual planting 
dates are listed in Table 1. The southwest location was abandoned in 2001-02 due to severe 
lodging and late soybean harvest at Nashua in 2002 resulted in only the latter three dates 
being planted. In 2001,the cv. Pika was planted at Ames, Nashua, and Treynor. In 2002, cv. 
Trical 815 and cv. DANKO Presto were planted at Ames and Nashua, while only Trical 815 
was planted at Treynor. For 2003, Trical 815 and DANKO Presto were planted at Ames, 
Nashua, and Lewis. Nitrogen fertilizer, in the form of urea, was applied at 56 kg ha·1 at all 
locations during the spring 2002 before initial green-up of the triticale. In spring 2004, 39 kg 
ha·1 of ammonium nitrate was applied at Lewis because soybean residue was removed prior 
to planting. 
Daily maximum and minimum temperatures were recorded during the growing season 
(planting to 31 December and 1 March to harvest) at each location using an on-farm weather 
station. Mean climatic conditions were obtained from the Iowa Environmental Mesonet 
(IEM, 2004) for each site. Daily growing degree-days (4°C base temperature) were 
calculated by using the equation: 
GDD =((daily maximum temp.+ daily minimum temp.) I 2)- base temp. 
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Data collection 
Grain was harvested with combines equipped with on-board electronic weighing systems 
from areas ranging from 3.66 to 4.57 m wide by 15.24 m long, depending on the combine 
platform size. Grain sub samples (approximately 2000 g) were taken during the combine 
harvest to determine 1000 seed weight, moisture concentration, and test weight. Samples 
were cleaned to remove foreign material using a seed cleaner (Office Model Clipper, Ferrel 
Ross, Bluffton, IN) fitted with a 16 mm round and 1.06 by 12.7 mm slotted screens. A 
thousand seeds were counted with a seed counter (Model 850-2, The Old Mill Co., Savage, 
MD) and then weighed to determine 1000 seed weight. Test weight and moisture 
concentration were determined using a grain analysis computer (Model GAC2100, Dickey-
John, Auburn, IL). Final grain yields were adjusted to 135 g kg-1 moisture and 61.9 kg hr1 
test weight. 
Plants m-2 were chosen from two 0.33 m-2 samples taken from each plot when average 
fall temperatures reached 4 °C. Ten random plants were then selected from the sample and 
tillers planr1 were counted. The product of plants m-2 and tillers planf1 resulted in fall 
produced tillers m-2• Spikes m-2 were determined by sampling two one-meter lengths of row 
(0.406 m-2) from two areas of each plot and counting total number of spikes. Seeds spike- 1 
were determined from samples collected on the day of combine harvest. Seeds were counted 
after ten consecutive spikes were taken from two areas of the plot, combined, and threshed to 
remove all seeds. 
Statistical design and analysis 
The experimental layout was a randomized complete block with four replications. Proc 
Mixed of SAS (Littell et al., 1996) was used to compute F-tests for all main effects and two-
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way interactions between year, location, planting date, and cultivar on grain yield, spikes m-2, 
seeds spike-1, 1000 seed weight, and fall tillers m-2• Tukey's test (Steel and Torrie, 1980) was 
used to make mean comparisons for significant main effects. Statistically significant 
interactions were subjected to further ANOV A using the slice command of Proc Mixed. 
Relative grain yield was calculated as the percent yield level based on the mean of the 
highest yielding planting date within a location and growing season. The critical amount of 
GDD's needed to obtain maximum relative yield levels was determined by the procedure 
described by Cate and Nelson (1971). Proc Reg of SAS was used to fit lines to the 
populations on each side of the critical level of GDD's obtained from the Cate-Nelson test. 
Missing data was imputed using predicted values from proc GLM to allow mean 
comparisons using Tukey's test. Imputed data consisted of yield and 1000 seed weight for 
the mid-September planting date at the northeast location in 2002-03 (Tables 5 and 6) and 
spikes m·2 and seeds spike·1 for all planting dates at the southwest location in 2001-02 
(Figure 4). Significance level for all statistical tests was P = 0.05. 
Results 
Weather conditions 
Climatic conditions (Tables 2 and 3) were favorable for high triticale grain yields during 
2001-02 and 2002-03. The 2003-04 growing season was dominated by cool and moist 
conditions that increased the presence of Septoria leaf blotch (Septoria spp.) at all locations. 
Mean fall temperatures were slightly above normal in 2001 and below normal in 2002 and 
2003. Temperatures during grain fill (June to mid-July) were warmer than normal in 2002, 
normal in 2003, and below normal in 2004. Fall precipitation was above normal in 2001 and 
normal in 2002 and 2003. Precipitation during the period of May to mid-July was above 
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normal all seasons. However, the bulk of the precipitation for this period occurred in early-
May for 2003, while it came in mid-May and continued to be above normal through June in 
2004. 
Grain yield 
Yields at southwest locations were consistently greater than yields at the central and 
northeast locations (Table 4). Grain yields at the central location were greater than northeast 
yields for 2001-02 and 2002-03 while they were less during 2003-04, creating a significant 
year by location interaction. 
Date of planting had a significant effect on grain yield at all locations (Table 5). Delaying 
planting of winter triticale from mid-September to early-October resulted in no significant 
yield reductions at central and northeast Iowa. However, when planting was delayed from 
late-September to mid-October, grain yield reductions of 11.3 and 14.2% occurred at central 
and northeast locations, respectively. There was no yield response to planting date when 
planting was delayed from mid-September to late-September at southwest locations, however 
grain yield reductions of 16.6 and 26.7% occurred for early and mid-October planting dates 
compared to mid-September planting date, respectively. 
Grain yield was maximized when at least 300 GDD's were allowed to accumulate 
between planting and 31 December (Figure 1). When less than 300 GDD's accumulated, a 
linear decrease in yield occurred, while there was no yield response with accumulation of 
300 to 650 GDD's. 
A significant planting date by cultivar interaction indicated a differential response to 
planting date between the cultivars (Figure 2). Trical 815 yields were not significantly 
different than DANKO Presto when planted in late-September and early-October. However, 
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Trical 815 yielded 10.l and 14.2% greater than DANKO Presto for mid-September and mid-
October planting dates, respectively. Planting Trical 815 from mid-September to early-
October resulted in no significant change in grain yield. When planting was delayed to mid-
October, yields were reduced by 15.1 % compared to the late-September planting date. 
Delaying planting of DANKO Presto from mid-September to late-September resulted in no 
significant yield difference. When planting of DANKO Presto was delayed to early or mid-
October, yield reductions of 11.9 and 26.4% occurred when compared to the late-September 
planting date, respectively. 
Yield Components 
Significant year by location interactions occurred for all yield components (Table 4). 
Southwest locations produced the greatest number of spikes m·2 during all years of the study 
and northeast locations produced greater spikes m·2 than central in 2001-02 and 2003-04. 
However in 2002-03, central produced more spikes, leading to the interaction. Northeast and 
southwest locations had no change in seeds spikes·1 with different seasons, while at central 
Iowa the 2001-02 season resulted in greater seeds spike·1 than the other seasons of the study. 
In 2002-03 and 2003-04 seeds spike·1 were greater at the southwest location than central and 
northeast, which had a similar number of seeds spike·1. A year by location interaction for 
1000 seed weight occurred because central locations had higher seed weights than northeast 
in 2001-02, while seed weights were equal at the two sites during other years of the study. 
Thousand seed weights at southwest locations were always lower than central and northeast 
locations and all locations had lower seed weights in 2003-04 than other seasons. 
Fall tillers m·2, spikes m·2, and seeds spike·1 were significantly affected by date of 
planting. Fall tillering decreased significantly with each 10-d planting delay (Figure 3). When 
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planting was delayed from late-September to early-October or mid-October, spikes m-2 at 
harvest decreased by 5.7 and 16.2%, respectively (Figure 4). However, there was no 
significant difference in spikes m-2 for mid-September and early-October planting dates. 
Seeds spike-1 increased by 1 for each 10-d planting delay from mid-September to mid-
October (Figure 4). Significant year by planting date (Table 6) and cultivar by planting date 
interactions occurred for 1000 seed weight. There were greater seed weights for triticale 
planted in early-October than in September in 2001-02. Thousand seed weights did not differ 
across planting dates in 2002-03. In 2003-04, 1000 seed weights of mid-September planted 
triticale were significantly greater than October planted triticale. Thousand seed weights for 
DANKO Presto were significantly greater when planting occurred in September than 
October, averaging 26.3 and 23.5 g, respectively. Trical 815 1000 seed weights did not 
respond to delayed planting, averaging 25.7 g (data not shown). 
Discussion 
Grain yields within a location were as much as 56, 20 and 46% different across seasons 
at central, northeast, and southwest locations, respectively. The greatest yields, which neared 
6 Mg ha-1, occurred in southwest Iowa in 2003, while the lowest yields (2.02 Mg ha-1) were 
at central Iowa in 2004. Trical 815 performed better than DANKO Presto across all locations 
and growing seasons while Pika was not well suited for grain production because its tall 
stature resulted in considerable lodging. The use of shorter-statured DANKO Presto and 
Trical 815 resulted in minimal lodging and high grain yields in 2003. However, cool and wet 
weather during grain filling in 2004 resulted in a high incidence of Septoria leaf blotch, 
' causing premature death of the flag leaf. This shortened the grain filling period of both 
cultivars severely reducing 1000 seed weights. Poor drainage, possible soil compaction, and 
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suspected nitrogen deficiency resulted in less tillering at the central Iowa site than the other 
sites in 2004, severely reducing yield and spikes m-2. 
Delaying planting past late-September had a more negative impact on grain yields at 
southwest Iowa locations than at central and northeast locations, however yield levels for 
southwest locations were consistently greater than yields at central and northeast locations, 
regardless of planting date. This suggests that winter triticale grain production may be more 
successful in southwest portions of Iowa where the climate tends to be warmer and drier than 
in central or northeast Iowa. 
Blue et al. (1990) concluded that winter wheat needed 400 GDD's (base 4.4°C) 
accumulated between planting and 31 December to attain maximum grain yields in 
Nebraska. Under the methods and conditions of this study, we found that only 300 GDD' s 
(base 4 °C) were needed before over-wintering for maximum yield potential of winter triticale 
in Iowa. When less than 300 GDD' s were allowed to accumulate, triticale grain yields were 
reduced in a linear fashion. This may be due to the plants not being able to attain optimum 
energy reserves, leaf area, or fall tillers for growth the following spring (Martin, 1926; 
Pittman and Andrews, 1961; Klebesadal, 1969; Fowler, 1982). With too much fall growth, 
winter wheat becomes susceptible to disease, decreasing yields (Slykhuis et al., 1957; 
Fowler, 1982). No triticale yield reduction was found with accumulations between 300 and 
650 GDD's in our study. 
Reduced tillering for early-October planting during 2002-03 was a result of lower than 
normal temperatures that occurred from late-October through November. Fall tillers m-2 were 
always greater than the number of spikes m-2 produced for September planted triticale 
suggesting that all reproductive structures may have originated from fall produced tillers. 
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When triticale was planted in October, fall tillers m-2 were less than the number of spikes m-2 
produced. This results in reproductive structures created from spring produced tillers that are 
less synchronized in grain development than fall tillers and lead to lower grain yields 
(Gallagher, 1984). 
Spikes m-2 decreased with delayed planting in a similar fashion as grain yield while seeds 
spike-1 increased with delayed planting. The increase in seeds spike-1 is a physiological 
response by the plant to compensate for reduced spikes m-2 that occurred earlier in 
development. Dahlke et al. (1993) also noted compensation for reduced spikes m-2 by an 
increase in seeds spike-1 with delayed planting. However, a yield reduction still occurred 
suggesting that spikes m-2 has the most influence on grain yield (Smid and Jenkinsen, 1979; 
Blue et al., 1990). Previous research suggests that increasing the seeding rate may partially 
offset the reduced yields caused by delayed planting that occurred in this study. Yield losses 
caused by late planting were diminished when seeding rate of wheat was increased from 300 
to 452 seeds m-2 (Dahlke et al., 1993) and from 34 to 101 kg ha-1 (Blue et al., 1990). 
Application of phosphorus fertilizer to low P testing soils can also lessen the yield loss 
associated with delayed planting (Blue et al., 1990). However, P levels of soils used in this 
study were not tested. The greater plant numbers·from the higher seeding rate compensated 
for the loss of tillers and spikes m-2 that occurred with late planting at lower seeding rates and 
applying phosphorus fertilizer stimulated tillering, resulting in more spikes m-2 (Blue et al., 
1990). 
Heat stress is known to have a detrimental effect on seed weight in wheat (Warrington et 
al., 1977; Tashiro and Wardlaw, 1990; Gibson and Paulson, 1999). Wheat yields decreased 
linearly as temperatures increased above 20°C from 10-d after anthesis until maturity 
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(Gibson and Paulson, 1999). In 2002, heat stress occurred in late-June, which affected earlier 
maturing September planting dates that were filling grain. Later planting dates experienced 
less heat stress during grain fill due to the later maturation and cooler temperatures that 
occurred after the short period of high temperatures. The high incidence of Septoria leaf 
blotch in 2004 decreased grain yield of all planting dates. However, later planted triticale had 
more grain filling that occurred while infected with Septoria, resulting in lower seed weights 
than earlier planted triticale. 
Winter triticale would most likely be placed after soybean in the U.S. Corn and Soybean 
Belt. Our results suggest that a two to three week period would be available for planting 
winter triticale after the start of soybean harvest in Iowa without diminished yield potential 
from late planting. Based on mean historical temperatures and a 300 GDD threshold, triticale 
planting should occur on or before 30 September, 26 September, and 6 October to achieve 
full grain yield potential in central, northeast, and southwest Iowa, respectively. 
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Table 1. Targeted and actual planting dates of winter triticale for three Iowa locations and 
three growing seasons. 
Targeted Actual Planting Date 
Location Planting Date 2001-02 2002-03 2003-04 
Central mid-Sept 14-Sept 13-Sept 17-Sept 
late-Sept 25-Sept 24-Sept 26-Sept 
early-Oct 4-0ct 8-0ct 7-0ct 
mid-Oct 15-0ct 17-0ct 16-0ct 
Northeast mid-Sept 18-Sept 16-Sept 
late-Sept 25-Sept 23-Sept 25-Sept 
early-Oct 4-0ct 7-0ct 6-0ct 
mid-Oct 17-0ct 16-0ct 16-0ct 
Southwest mid-Sept 13-Sept 16-Sept 15-Sept 
late-Sept 25-Sept 25-Sept 24-Sept 
early-Oct 3-0ct 9-0ct 5-0ct 
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 4. Winter triticale grain yield and yield components at three Iowa locations over three 
growmg seasons. 
Grain Yield Spikes m -2 Seeds Spike-1 1000 Seed Weight 
(Mg ha-1) (no.) (no.) (g) 
2002 Central 3.79ct 320d 41.7a 31.0a 
Northeast 2.76d 485ab 37.8ab 27.0b 
Southwest 
2003 Central 4.59b 508a 33.4b 30.la 
Northeast 3.44cd 450b 34.4b 29.5a 
Southwest 5.75a 509a 41.8a 27.3b 
2004 Central 2.02e 330d 33.0b 23.7c 
Northeast 2.98d 385c 33.8b 25.lc 
Southwest 3.lOd 490ab 39.la 17.7d 
tMeans followed by the same letter within a column are not significantly different using 
Tukey' s test (P = 0.05). 
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Table 5. Winter triticale grain yields as affected by planting date at three Iowa locations. 
2002 - 2004 2003 - 2004 
Planting Date Central Northeast Southwest 
Grain Yield (Mg ha-1) 
mid-Sept 3.5lat 3.23a 4.99a 
late-Sept 3.64a 3.30a 4.89a 
early-Oct 3.49a 3.17a 4.16b 
mid-Oct 3.23b 2.83b 3.66c 
tMeans followed by the same letter within a column are not significantly different according 
to Tukey' s test (P = 0.05). 
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Table 6. Winter triticale 1000 seed weights as affected by planting date across three Iowa 























tMeans followed by the same letter within a column are not significantly different according 
to Tukey' s test (P = 0.05). 
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Figure 1. Effect of planting date on relative yield of winter triticale grown over three growing 
seasons at three Iowa locations. Relative yields are based on mean grain yield of the highest 
yielding planting date within each location and growing season. Critical level was obtained 
using the Cate-Nelson test to separate the data and lines were fitted to the two populations. 
Figure 2. Mean grain yield response of winter triticale cultivars 'DANKO Presto' and 'Trical 
815' to planting date. Means are averaged across 2002-03 and 2003-04 growing seasons at 
three Iowa locations. Means with the same letter are not significantly different according to 




















mid-Sept late-Sept early-Oct mid-Oct 
Planting date 
Figure 3. Planting date effects on fall tillering of winter triticale. Means are averaged across 
three growing seasons and three Iowa locations. Means with the same letter are not 
significantly different according to Tukey's test (P = 0.05). 
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Figure 4. Planting date effects on spikes m-2 and seeds spike-1 of winter triticale. Means are 
combined over three growing seasons at three Iowa locations. Means with the same letter are 
not significantly different using Tukey's test (P = 0.05). 
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CHAPTER 4. PLANTING DATE EFFECTS ON WINTER TRITICALE DRY 
MATTER AND NITROGEN ACCUMULATION 
Abstract 
A paper submitted to Agronomy Journal 
Aaron J. Schwarte, Lance R. Gibson, Douglas L. Karlen, 
Matt Liebman, and Jean-Luc Jannink 
Addition of triticale (XTriticosecale Wittmack) into more diversified cropping systems 
could provide valuable economic and environmental benefits to producers in the U.S. Corn 
and Soybean Belt. In order to maximize triticale value, research was conducted to identify 
planting dates that allowed maximum dry matter production and N capture. Winter triticale 
was planted at 10-d intervals from 15 September to 15 October at three Iowa locations: 
central, northeast, and southwest for three growing seasons: 2001-02, 2002-03, and 2003-04. 
Above ground dry matter tended to be greatest at southwest Iowa. Dry matter production and 
N accumulation decreased as planting was delayed from late-September to mid-October due 
to slower accumulation rates. September planted triticale harvested in mid-May produced 
approximately 2 Mg ha-1 more dry matter than October planted triticale, averaging 4.3, 3.5, 
and 5.8 Mg ha·1 dry matter with protein concentrations of 125, 144, and 109 g kg·1 at central, 
northeast, and southwest locations, respectively. Higher concentrations in plant tissue for the 
later planting dates presumably reflected less mature tissues, because as the crop matured, N 
concentrations became equal among planting dates. Grain and straw N concentration tended 
to increase with delayed planting. Forage yield was greatest when at least 300 growing 
degree days (GDD) (base 4 °C) accumulated between planting and 31 December. These 
results suggest that triticale should be planted in September to maximize spring forage yield 
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and N accumulation, although later planting dates would provide a higher quality forage if 
harvest was not delayed into late spring and summer. 
Introduction 
Addition of triticale into more diversified cropping systems for the U.S. Com and 
Soybean Belt could reduce soil erosion (Dabney, 1998; Kaspar et al., 2001), capture residual 
soil N (Meisinger et al., 1991; Meisinger and Delgado, 2002), provide high quality forage for 
extended grazing periods (Baron et al., 1999; Lyon et al., 2001), and provide an additional 
grain crop. With the current com and soybean cropping system, soils are generally fallow 
during late fall and early spring throughout this region. This increases the potential for 
erosion, mineralization of N, and leaching of residual nitrate. Successful utilization of the late 
fall and early spring periods, requires that a crop be able to establish rapidly and grow 
vigorously under the cool conditions that occur after harvest of summer crops (Dinnes et al., 
2002). Rapid crop establishment would protect against soil erosion that becomes problematic 
following crops that leave the soil with little residue cover, such as com silage, soybean, and 
vegetable crops. Ample growth could also capture excess plant available N left after primary 
crops and decrease the potential of N03 leaching into ground water. In studies done with rye 
(Secale cereale L.) cover crops, reductions in the mass of leached N ranged from 59 to 77%, 
compared to no cover crop (Meisinger et al., 1991). Production of winter triticale could 
provide fall and spring forage supplies when other sources are unavailable (Lyon et al., 200 I) 
and allow grain to be harvested and used as a high quality swine feed (Bruckner et al., 1998). 
In order to capture these potential benefits from triticale, proper agronomic production 
practices must be determined. 
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Planting date is one of the most important management factors involved in producing 
high yielding small grains (McLeod et al., 1992; Dahlke et al., 1993). However, growers may 
have to delay seeding of winter small grains until after the optimal date to accommodate 
harvest of preceding full-season summer crops. Numerous studies show that delayed planting 
of winter wheat (Triticum aestivum L.) decreased forage yields in the subsequent spring and 
summer (Corns, 1959; Thill et al., 1978; Baron et al., 1999). When seeding of winter wheat 
in Alberta was delayed from late-August to late-September, forage yield at the dough stage 
was reduced by 30% (Corns, 1959). Winter wheat planted in early-September in Washington 
had shoot weights at anthesis that were 13 Mg ha-1 greater than wheat planted one month 
later (Thill et al., 1978). Baron et al. (1999) concluded that early fall seeding of winter wheat, 
triticale, and rye in Alberta resulted in earlier forage availability and spring dry matter yield 
was closely related to growing degree days (GDD) from seeding to freeze-up in the fall. 
When harvesting small grains for forage, a compromise must be made between quality 
and quantity since yield and nutrient levels are greatly influenced by plant maturity. As small 
grains mature, fiber concentration increases while crude protein concentration decreases 
(Bolsen, 1984 ), resulting in reduced feeding value. Wheat N concentration has been shown to 
decrease with time during the growing season because of slower N assimilation rates relative 
to C (Knowles and Watkin, 1931; Daigger et al., 1976). Crude protein concentration in 
winter wheat forage grown in Nebraska averaged 310 g kg-1 (49.6 g N kg- 1) at fall harvest 
and spring jointing, but dropped to 170 g kg-1 (29.8 g N kg-1) when harvested at boot stage 
(Lyon et al., 2001 ). Date of planting has a significant effect on crude protein levels in wheat 
forage. Winter wheat planted early (23 to 28 August) had lower crude protein at all harvest 
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stages than subsequent planting dates (3 to 9, 10 to 19, and 21to30 September), which 
tended to have similar crude protein levels (Lyon et al., 2001). 
Because winter triticale contains valuable traits from its parent species, wheat and rye, 
that allow for production of quality forage and grain while limiting soil erosion and N 
leaching, it has potential to be a valuable grain, forage, and/or cover crop in the U.S. Com 
and Soybean Belt. However, there are few established agronomic guidelines for growing 
winter triticale in this region. Proper planting date may be one of the most important factors 
determining the success of winter triticale because of the rapid temperature decline following 
the harvest of full-season summer annuals. The objectives of this study were to determine 
optimum planting dates on winter triticale dry matter production and N accumulation. 
Materials and methods 
Winter triticale was evaluated during 2001-02, 2002-03, and 2003-04 at three Iowa 
locations. Trials were conducted in central Iowa at the Iowa State University (ISU) Bruner 
Farm near Ames (42.0°N, 93.6°W), the ISU Northeast Research and Demonstration Farm 
near Nashua (43.0°N, 92.5°W), and in southwest Iowa at the USDA Deep Loess Research 
Station near Treynor (41.2°N, 95.6°W) in 2001-02 and 2002-03 or at the ISU Armstrong 
Research and Demonstration Farm near Lewis (41.3°N, 95.1°W) in 2003-04. Predominate 
soil types were Nicollet loam (fine-loamy, mixed, mesic Aquic Hapludolls) at the Bruner 
Farm, Kenyon loam (fine-loamy, mixed, mesic Aquic Hapludolls) at Nashua, Monona silt 
loam (fine-silty, mixed, mesic Typic Hapludolls) at Treynor, and Marshall silty clay loam 
(fine-silty, mixed, mesic Typic Hapludolls) at Lewis. 
Triticale was seeded using a no-till drill (Tye® model 2007, AGCO Corp., Lockney, TX) 
with 10 rows spaced 20.3 cm apart. Oat (Avena sativa L.) was the previous crop at Ames and 
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Nashua in 2001. Soybean [Glycine max (L.) Merr.] was the previous crop at all locations in 
2002 and 2003. No tillage was performed unless previous production practices left the soil 
surface unsuitable for planting. Minimum tillage (field cultivation) was performed at all 
locations in 2001, at Treynor in 2002, and at Lewis in 2003. The seeding rate was 330 seeds 
m·2 for all years and locations. Plot size was 5.9 m by 15.2 m. Targeted planting dates were 
15 September, 25 September, 5 October, and 15 October. Actual planting dates are listed in 
Table 1. Due to late soybean harvest at Nashua in 2002, only the latter three dates could be 
planted. In 2001, cv. Pika was planted at Ames and Nashua. In 2002, cv. Tri cal 815 and cv. 
DANKO Presto were planted at Ames and Nashua, while only Trical 815 was planted at 
Treynor. For 2003, Trical 815 and DANKO Presto were planted at Ames, Nashua, and 
Lewis. Nitrogen fertilizer, in the form of urea, was applied at 56 kg ha·1 at all locations 
during the spring 2002 before initial green-up of the triticale. In spring 2004, 39 kg ha·1 of 
ammonium nitrate was applied at Lewis because soybean residue was removed prior to 
planting. 
Daily maximum and minimum temperatures were recorded during the growing season 
(planting to 31 December and 1 March to harvest) at each location using an on farm weather 
station. Mean climatic conditions were obtained from the Iowa Environmental Mesonet 
(IEM, 2004) for each site. Daily growing degree-days (4°C base temperature) were 
calculated by using the equation: 
GDD =((daily maximum temp.+ daily minimum temp.)/ 2)- base temp. 
Data collection 
Spring dry matter samples were taken starting the first week of May and every three 
weeks thereafter (Table 2). Two, 0.203 m2 samples cut 2.5 cm above the soil surface were 
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taken from each plot, combined, dried at 60°C for 48 h, and weighed to determine dry matter 
production of each plot. Plots were staged according to Zadoks et al. ( 197 4) at each dry 
matter sampling date and average growth stages were plotted in figures 1, 3, and 4. The 
southwest location was abandoned after the third spring dry matter collection in 2001-02 due 
to extensive lodging. Grain harvest methods are reported in Chapter 3. 
Sub samples (100 g) from spring dry matter samples were analyzed for N and C 
concentration all three years of the study, while straw (100 g) and grain (20 g) samples were 
analyzed for N and C during 2002-03 and 2003-04. Dry matter and straw samples were 
ground first in a Wiley mill (Aurthor Thomas Co., Philadelphia, PA) fitted with a 3.0 mm 
screen. The dry matter and straw samples were further ground using a UDY cyclone sample 
mill (Model 3010-030, UDY Corp., Fort Collins, CO) fitted with a 1.0 mm screen. Grain 
samples were ground once using the UDY cyclone sample mill. N and C concentration of the 
samples were determined by combusting 200 mg at 950 °C in a LECO (Model CHN-2000, 
LECO Corp., St. Joseph, Ml) analyzer (AOAC Method 990.03). 
Statistical design and analysis 
The experimental layout was a randomized complete block with four replications. Proc 
Mixed of SAS (Littell et al., 1996) was used to compute F-tests for all main effects and two-
way interactions between year, location, planting date, and cultivar on total dry matter, grain 
yield, total N accumulated, grain N accumulated, dry matter N concentration, grain N 
concentration, and straw N concentration. F-tests were only computed using data from the 
2002-03 and 2003-04 growing seasons. Tukey's test (Steel and Torrie, 1980) was used to 
make mean comparisons for significant main effects. Statistically significant interactions 
were subjected to further ANOV A using the slice command of Proc Mixed. Relative dry 
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matter yields for all three seasons of the study were calculated as a percent relative to the 
mean of the highest yielding planting date within a location and growing season. The critical 
amount of GDD's needed to obtain maximum relative dry matter production was determined 
by the procedure described by Cate and Nelson (1971). Proc Reg of SAS was used to fit lines 
to the populations on each side of the critical level of GDD's obtained from the Cate-Nelson 
test. Dry matter accumulation, N concentration, and N accumulation were predicted in 50 
GDD increments with Proc Mixed as a third-order polynomial line across all years, locations, 
and cultivars. The predicted values and standard errors were then plotted against spring 
GDD's. Lines were tested against each other using standard errors of the predicted line. 
Standard error bars were inserted where there was a change in significance. ANOV A tables 
are presented in the appendix. Significance level for all statistical tests was P = 0.05. 
Results 
Weather conditions 
Climatic conditions (Tables 3 and 4) were favorable for high triticale forage and grain 
yields during 2001-02 and 2002-03. The 2003-04 growing season was predominated by cool 
and moist conditions that increased the presence of Septoria leaf blotch (Septoria spp.) at all 
locations. Mean fall temperatures were slightly above normal in 2001 and below normal in 
2002 and 2003. Early spring growing conditions were slightly cooler than normal in 2002 
and near normal in 2003 and 2004. Temperatures during grain fill (June to mid-July) were 
warmer than normal in 2002, normal in 2003, and below normal in 2004. Fall precipitation 
was above normal in 2001 and normal in 2002 and 2003. Precipitation during the period of 
May to mid-July was above normal all seasons. However, the bulk of the precipitation for 
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this period occurred in early-May for 2003 while it came in mid-May and continued to be 
above normal through June in 2004. 
Dry matter accumulation 
Above ground dry matter production varied greatly across years and locations of the 
study (Table 5). Southwest locations consistently yielded higher amounts of total dry matter 
than either central or northeast locations. More dry matter was produced at the central than 
northeast location during the 2002-03 growing season, while in 2003-04 more dry matter was 
produced at the northeast location. This resulted in a significant year by location interaction. 
Abnormally cool and wet weather in 2004 resulted in a high incidence of Septoria leaf 
blotch, which caused premature death of the flag leaf and severely reduced seed weights (See 
chapter 3). This effect may have been compounded in central Iowa where visual observations 
indicated poor drainage, possible soil compaction, and suspected low nitrogen fertility, 
resulting in minimal tillering and significantly lower dry matter yields than the Nashua site. 
A linear increase in dry matter occurred from spring green up until the milk stage of grain 
formation (stage 70), after which dry matter accumulation started to slow (Figure 1). When 
combined across years and locations, dry matter accumulation in the spring and summer was 
significantly affected by planting date. Dry matter production throughout this period was 
similar for the mid- and late-September plantings. Early spring dry matter was not 
significantly different for the mid-September to early-October plantings, however mid-
October planted triticale had significantly less dry matter than mid-September planted 
triticale. At 350 GDD after 1 March, dry matter production of October planted triticale 
became significantly less than September planted triticale and at 400 GDD, dry matter of the 
mid-October planting became less than early-October. These trends continued until soon 
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after the soft dough stage (stage 80; about 1000 GDD) when dry matter accumulation of 
early-October planted triticale was no longer significantly different from the two September 
planting dates. Dry matter of all planting dates started to decline slowly as plants neared 
physiological maturity. By physiological maturity, dry matter production of mid-October 
planted triticale was no longer significantly different from that planted in early-October, 
however it was less than the dry matter produced by the two September plantings. 
Final dry matter yield was maximized when at least 300 GDD's accumulated between 
planting and 31 December (Figure 2). When less than 300 GDD's accumulated, a linear 
decrease in yield occurred, while there was no yield response when greater than 300 GDD's 
accumulated. 
Nitrogen concentration 
Early season nitrogen concentrations increased significantly for each 10-d delay in 
planting (Figure 3). When 250 GDD had accumulated after 1 March, N concentration of the 
above ground portion of mid-September, late-September, early-October, and mid-October 
planted triticale was 24, 28, 33, and 39 g kg-1, respectively. As the season progressed, N 
concentration decreased for all planting dates, but at a more rapid rate for later planted 
triticale. By anthesis (stage 60; 700 GDD after 1 March), there was no significant difference 
between N concentrations of plants from mid-September and late-September plantings or 
early-October and mid-October plantings. Nitrogen concentration was not significantly 
different for any planting dates by 950 GDD after 1 March (stage 76) when N concentrations 
for all four planting dates plateaued at 10 g kg-1. 
There was a significant planting date effect on grain N concentration (Table 6). As 
planting was delayed from late-September to mid-October, grain N increased by 1 g kg- 1• 
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There were no significant differences between other planting dates for grain N concentration. 
There was a significant planting date by cultivar interaction for straw N concentration (Table 
6). The N concentration of straw for DANKO Presto increased by 1 g kg-1 when planting was 
delayed from mid-September to mid-October, while no differences in straw N concentration 
occurred for Trical 815. Year and location effects also occurred for grain and straw N 
concentration. Grain N concentration was significantly different in 2003 and 2004, averaging 
17.8 and 18.9 g kg-1, respectively. Grain N averaged 16.2, 17.2, and 21.7 g kg-1 at central, 
northeast, and southwest locations, respectively, with each site being significantly different 
from each other. Straw N concentration was significantly different in 2003 and 2004, 
averaging 4.3 and 3.2 g kg-1, respectively. Straw N concentrations at central, northeast, and 
southwest locations averaged 3.2, 3.2, and 5.0 g kg-1, respectively, with southwest being 
significantly greater than central and northeast locations (data not shown). 
N removal 
Total N removal varied with season and location (Table 5). It ranged from 52 to 115 kg 
ha-1 and 95 to 161 kg ha-1in 2002-03 and 2003-04, respectively. Triticale grown at southwest 
Iowa removed 18.4 and 24.1 more kg N ha-1 than the next highest site in 2002-03 and 2003-
04, respectively. Similar amounts of N were removed at the central and northeast locations 
during 2002-03, while 22.7% less kg N ha-1 was removed at central than northeast Iowa 
during 2003-04 due to poor soil conditions. This resulted in a significant year by location 
interaction. Total N accumulated in dry matter also had a significant planting date effect 
(Table 7). There was no significant difference between total N accumulated for triticale 
planted from mid-September to early-October. However, mid-October planted triticale had 
significantly less (13.7%) accumulated N compared to mid-September. 
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Removal of N with grain harvest was 40 and 22% greater for southwest locations than 
other locations in 2002-03 and 2003-04, respectively (Table 5). Central Iowa accumulated 
more grain N than northeast in 2002-03, while northeast accumulated more grain N than 
central in 2003-04, resulting in a significant year by location interaction. There was also a 
significant cultivar effect and planting date by location interaction on grain N accumulation. 
Trical 815 removed significantly more (5.2 kg ha-1) more Nin the grain than DANKO Presto 
(data not shown). Central and southwest locations had a decrease in grain N accumulated 
with delayed planting while there was no significant change at the northeast site (Table 7). 
Discussion 
The results of this study indicate that September planting is critical to maximizing total 
spring forage production of winter triticale in the central U.S. Com and Soybean Belt. Dry 
matter accumulation during the spring and summer occurred at a faster rate for September 
planted triticale compared to planting in October. Limited fall growth for late-planted 
triticale likely restricted leaf area (Watson, 1958; Thill et al., 1978) and solar radiation 
interception (Puckridge and Donald, 1967) resulting in reduced rate of spring re-growth. For 
maximum dry matter yield, triticale planting should occur early enough to accumulate 300 
GDD's prior to 31 December. These results agree with the 300 GDD's needed prior to 31 
December for maximum grain yield (See chapter 3). 
It is well known that as plants mature, N concentration, and thus protein, decrease 
(Daigger et al., 1976; Karlen and Whitney, 1980). This response was well represented with 
winter triticale (Figure 3). Early season N concentrations were much greater for late-planted 
triticale due to younger tissue in the plants. As the season progressed, maturity differences 
between planting dates became less significant due to increased rate of maturation of later 
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planted triticale. Nitrogen concentration became equal for all planting dates at 900 GDD after 
1 March (stage 75) and the N concentration remained constant at 10 g kg-1 until physiological 
maturity. The low straw N concentrations, as compared to grain N are due to remobilization 
of N into grain that occurs during grain filling of many small grains (McNeal et al., 1966; 
Karlen and Whitney, 1980; Bauer et al., 1987). 
DANKO Presto grain yield decreased greater than Trical 815 with delayed planting (see 
chapter 3). This may have resulted in less remobilization of N from the straw into the grain, 
resulting in an increase in straw N concentration and decrease in 1000 seed weight (see 
chapter 3) of Presto with delayed planting. Trical 815 had no significant planting date effect 
on straw N concentration or 1000 seed weight. Increases in grain N concentration may also 
be caused by lower yields from delayed planting. This agrees with the concept of an inverse 
relationship between grain yield and grain N concentration (Delzer et al., 1995; Feil, 1997). 
The greater N concentrations, and thus protein, were obtained with delayed planting, 
increasing feeding value. While grain N concentration was maximized, the yield loss 
associated with delayed planting (see chapter 3) was enough to result in an overall decrease 
of total N accumulated with delayed planting at central and southwest locations. Triticale has 
already shown to be a high quality feed grain due to its high protein concentration, especially 
lysine (Bruckner et al., 1998), therefore adequate protein concentrations can be obtained 
using planting dates that result in high grain yields. 
Seasonal N accumulation in triticale dry matter serves as a measure of N removal from 
the soil. Nitrate leaching is most problematic on fallow soils in the early spring months when 
rainfall amounts are high. Therefore, the amount of residual N winter triticale can capture 
from the soil to prevent N03 from entering ground water is important, so long as subsequent 
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crop yields are not affected. Triticale was not tested against other species, but it appears to be 
efficient in N uptake during early spring months. Limited fall growth for late-planted triticale 
likely restricted leaf area (Watson, 1958; Thill et al., 1978) and solar radiation interception 
(Puckridge and Donald, 1967) resulting in reduced rate of spring re-growth, thus reducing N 
uptake. Once triticale was near heading (stage 50), N accumulation virtually stopped for 
September planted triticale, however dry matter accumulation proceeded. The continued dry 
matter accumulation that occurs after N uptake has ceased near heading (stage 50), resulted 
in a dilution of plant N and protein concentration, leading to lower quality forage. During the 
remaining growing season after heading, most plant N is remobilized into the developing 
grain, with little additional uptake. Lower N accumulation experienced with delayed planting 
was caused by a decrease in total dry matter yields and no increase in N concentration as 
planting was delayed. This resulted in total N removal being highly dependent on forage 
yield near physiological maturity. However, the amount of N removed must be considered 
carefully in order to not limit production potentials if a succeeding crop, especially com, is to 
be planted following triticale harvest or termination. 
Producers wanting to plant a full season summer crop, such as corn or soybean, would 
need to terminate or harvest triticale by mid-May. Based on historical mean temperatures, 
395 (jointing stage), 339 (early jointing stage), and 474 (boot stage) GDD' s would have 
accumulated at central, northeast, and southwest Iowa by 15 May, respectively. This 
corresponds to September planted triticale producing approximately 4.25, 3.5, and 5.75 Mg 
ha-1 dry matter with protein concentrations of 125, 144, and 109 g kg- 1 at central, northeast, 
and southwest locations, respectively. At this time, dry matter production of September 
planted triticale is nearly 2 Mg ha-1 greater than October planted triticale due to increased 
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early spring growth rates. For a producer wanting to achieve maximum end of season forage 
yields and N accumulation potentials, triticale planting should occur on or before 30 
September, 26 September, and 6 October in central, northeast, and southwest Iowa, 
respectively. 
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Table 1. Targeted and actual planting dates of winter triticale for three Iowa locations and 
three growing seasons. 
Targeted Actual Planting Date 
Location Planting Date 2001-02 2002-03 2003-04 
Central mid-Sept 14-Sept 13-Sept 17-Sept 
late-Sept 25-Sept 24-Sept 26-Sept 
early-Oct 4-0ct 8-0ct 7-0ct 
mid-Oct 15-0ct 17-0ct 16-0ct 
Northeast mid-Sept 18-Sept 16-Sept 
late-Sept 25-Sept 23-Sept 25-Sept 
early-Oct 4-0ct 7-0ct 6-0ct 
mid-Oct 17-0ct 16-0ct 16-0ct 
Southwest mid-Sept 13-Sept 16-Sept 15-Sept 
late-Sept 25-Sept 25-Sept 24-Sept 
early-Oct 3-0ct 9-0ct 5-0ct 
mid-Oct 15-0ct 18-0ct 15-0ct 
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Table 2. Fall and spring dry matter collection dates and grain harvest dates of winter triticale 
for three Iowa locations and three growing seasons. 
Growing Season 
Location Sample 2001-02 2002-03 2003-04 
Central fall 13-Nov 12-Nov 21-Nov 
spring 1 2-May 8-May 4-May 
spring 2 21-May 29-May 25-May 
spring 3 11-Jun 19-Jun 16-Jun 
spring 4 2-Jul 10-Jul 7-Jul 
harvest 16-Jul 22-Jul 15-Jul 
Northeast fall 15-Nov 18-Nov 20-Nov 
spring 1 3-May 9-May 5-May 
spring 2 23-May 30-May 26-May 
spring 3 12-Jun 20-Jun 15-Jun 
spring 4 3-Jul 11-Jul 7-Jul 
harvest 16-Jul 25-Jul 27-Jul 
Southwest fall 14-Nov 14-Nov 24-Nov 
spring 1 1-May 7-May 3-May 
spring 2 22-May 28-May 24-May 
spring 3 13-Jun 18-Jun 14-Jun 
spring 4 9-Jul 6-Jul 




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 5. Winter triticale dry matter yield, grain yield, total N accumulation, and grain N 
accumulation at three Iowa locations during two growing seasons. 
Year Total Dry Grain Yield 
Total N Grain N 
Location 
Mattert Accumulation Accumulation 
Mg ha-1 Mg ha-1 kg ha-1 kg ha-1 
2002-03 Central 12.30b:j: 3.97b 99c 62b 
Northeast 11.03c 2.98c 95c 50c 
Southwest 15.07a 4.77a 161a 103a 
2003-04 Central 5.86e 1.75e 52e 29d 
Northeast 7.95d 2.58d 67d 46c 
Southwest 10.59c 2.68cd 115b 59b 
t Total dry matter, grain yield, N accumulation, and grain N accumulation are presented on a 
dry matter basis. 
:j:Means followed by the same letter within a column are not significantly different according 
to Tukey's test. (P = 0.05) 
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Table 6. Grain and straw N concentration of winter triticale as affected by planting date 


























t Means followed by the same letter within a column are not significantly different according 
to Tukey's test. (P = 0.05) 
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Table 7. Total N and grain N accumulated in winter triticale as affected by planting date 
grown at three Iowa locations over two growing seasons. 
Planting Date Total N Grain N Accumulated 
Accumulated Central Northeast Southwest 
kg ha-1 kg ha-1 kg ha-1 kg ha-I 
mid-Sept 105.0at 45.4ab 46.5a 89.7a 
late-Sept 102.6a 50.2a 50.la 87.3ab 
early-Oct 94.6ab 46.lab 48.6a 77.8b 
mid-Oct 90.6b 40.7b 45.8a 68.9b 
t Means followed by the same letter within a column are not significantly different according 
to Tukey's test. (P = 0.05) 
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Figure 1. Spring dry matter accumulation of winter triticale at three Iowa locations over three 
growing seasons. The upper x-axis represents growth stages according to Zadoks et al. 
(1974). Bars represent standard errors. 
120% 
















0 100 200 
72 




R = 0.42 
/Critical level = 300 GOD 
300 400 500 600 
Fall Growing Degree Days (base 4°C) 
• 
700 
Figure 2. Effect of planting date on relative dry matter yield of winter triticale grown over 
three growing seasons at three Iowa locations. Relative yields are based on mean final dry 
matter yield of the highest yielding planting date within each location and growing season. 
Critical level was obtained using the Cate-Nelson test to separate the data into two 
populations. Regression then fitted lines to the two populations. 
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Figure 3. Seasonal N concentration of winter triticale at three Iowa locations over three 
growing seasons. The upper x-axis represents growth stages according to Zadoks et al. 
(1974). Bars represent standard errors. 
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Figure 4. Total N accumulation of winter triticale at three Iowa locations over three growing 
seasons. The upper x-axis represents growth stages according to Zadoks et al. (1974). Bars 
represent standard errors. 
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CHAPTER 5. GENERAL CONCLUSIONS 
Addition of triticale into more diversified cropping systems for the U.S. Com and 
Soybean Belt could reduce soil erosion (Dabney, 1998; Kaspar et al., 2001), capture residual 
soil N (Meisinger et al., 1991; Meisinger and Delgado, 2002), provide high quality forage for 
extended grazing periods (Baron et al., 1999; Maloney et al., 1999; Rao et al., 2000; Lyon et 
al., 2001; Hossain et al., 2003), and provide an additional grain crop. With the current 
com/soybean cropping system, soils are generally fallow during late fall and early spring 
throughout this region. This increases the potential for erosion, mineralization of N, and 
leaching of residual nitrate. For a cover crop to be successful, it must be able to establish 
rapidly and grow vigorously under the cool conditions that occur after harvest of the primary 
crop (Dinnes et al., 2002). 
Proper planting date is one of the most important management factors involved in 
producing high yielding small grains (Campbell et al., 1991; McLeod et al., 1992; Dahlke et 
al., 1993; Wit( 1996). However, growers may have to delay seeding of winter small grains 
until after the optimal date to accommodate harvest of preceding full-season summer crops. 
Numerous studies support the fact that winter small grains suffer grain yield reduction when 
not planted within the optimum fall window in many climatic regions of the United States 
and Canada (Knapp and Knapp, 1978; Fowler, 1986; Blue et al., 1990; McLeod et al., 1992; 
Dahlke et al., 1993; Witt, 1996). This is also true with dry matter yields (Corns, 1959; 
Bransby et al., 1977; Thill et al., 1978; Baron et al., 1999). However, most of these studies 
have been done using winter wheat (Triticum aestivum L.), and, to a lesser extent, rye (Secale 
cereale L.). 
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The objective of this research was to test the effect of planting date on winter triticale 
grain yield, yield components, dry matter accumulation, and N accumulation. To do this, 
triticale was planted at 10-d intervals from 15 September to 15 October at three Iowa 
locations: central, northeast, and southwest over three growing seasons: 2001-02, 2002-03, 
and 2003-04. 
Above ground dry matter and grain yields varied greatly across years and locations of the 
study. Triticale planted in southwest Iowa locations consistently performed superior to 
central and northeast locations. This is primarily due to slightly warmer and drier climatic 
conditions experienced in that portion of the state. Abnormally cool and wet weather resulted 
in a high incidence of Septoria leaf blotch, which caused premature death of the flag leaf and 
severely reduced dry matter accumulation and grain yield in 2004. The cumulative results for 
this study indicate that for maximum grain and dry matter yield, winter triticale planting 
should occur early enough to accumulate 300 GDD' s prior to 31 December. This will enable 
the plant to attain sufficient cold tolerance and energy reserves to survive typical Iowa winter 
conditions and produce ample leaf area for rapid spring re-growth. 
Spikes m-2 decreased with delayed planting in a similar fashion as grain yield while seeds 
spike-1 increased with delayed planting. The increase in seeds spike-1 was attributed to a 
physiological response by the plant to compensate for reduced spikes m-2 that occurred earlier 
in development. Thousand seed weight did not change in response to planting date. 
Spring dry matter and N accumulation occurred at a faster rate for September planting 
dates than October dates. This was due to decreased fall growth for late-planted triticale, 
which reduced early spring leaf area (Watson, 1958) and solar radiation interception 
(Puckridge and Donald, 1967), resulting in reduced rate of spring re-growth. The data shows 
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that early planting is critical for producers wanting to maximize spring forage production and 
N accumulation. 
Early season N concentrations were much greater for late-planted triticale, possibly due 
to younger tissue in the plants. As the season progressed, maturity differences between 
planting dates became less significant and plateaued at 1 O g N kg-1 due to increased rate of 
maturation of later planted triticale. The data would suggest that planting may be delayed in 
order to harvest high protein spring forage. However, the increased protein concentrations 
gained from delayed planting are accompanied by low forage yields. While grain N 
concentration was maximized, the yield loss associated with delayed planting was enough to 
result in a decrease in total grain N accumulated when planting is delayed into October. 
Producers wanting to maximize spring forage production and plant a full season summer 
crop should harvest forage just prior to heading (550 GDD after 1 March). September planted 
triticale provided 6 Mg ha-1 of dry matter with 94 g kg-1 crude protein (N concentration x 
6.25) at 550 GDD after 1 March in this study. Soon after heading, N accumulation ceased 
and forage quality dropped with increased maturity. 
Winter triticale would most likely be placed after soybean in the U.S. Corn and Soybean 
Belt. Our results suggest that a two to three week period would be available for planting 
winter triticale after soybean in Iowa without diminished grain or forage yield potential from 
late planting. Based on mean historical temperatures and a 300 GDD threshold, triticale 
planting should occur on or before 30 September, 26 September, and 6 October in central, 
northeast, and southwest Iowa, respectively, to achieve full grain yield potential. 
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ANOV A TABLES 
Table 1. Mean squares for yield and yield components of winter triticale grown at three Iowa 
locations over three growing seasons. 
F-value 
-2 Seeds Spike- 1000 Seed Fall Tillers Source of Variation df Grain Yield Spikes m Weight -2 m 
Mg ha-1 no. no. g no. 
Year (Y) 2 421.14*** 57.56*** 24.70*** 237.08*** 21.80*** 
Location (L) 2 143.01 *** 64.46*** 34.47*** 90.52*** 0.51 
YxL 3 94.75*** 46.46*** 3.01 * 23.77*** 12.96*** 
Block (L) 9 2.70** 2.34* 0.89 1.87 0.56 
Planting Date (P) 3 15.40*** 18.76*** 3.28* 0.35 296.55*** 
PxY 6 2.85* 1.40 1.84 5.31 *** 6.82*** 
PxL 6 3.38** 1.52 1.95 1.33 1.46 
Error 168 
*, **,***Significant at the P = 0.05, 0.01, and 0.001, respectively. 
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Table 2. Mean squares for yield and yield components of 'DANKO Presto' and 'Trical 815' 
winter triticale grown at three Iowa locations over two growing seasons. 
F-value 
Source of Variation df Grain Yield Spikes m-2 Seeds Spike-1 
1000 Seed 
Wei ht 
Mg ha-1 no. no. g 
Year (Y) 1 674.30*** 201.38*** 0.00 410.79*** 
Location (L) 2 80.36*** 75.49*** 17.13*** 105.75*** 
YxL 2 110.02*** 31.42*** 1.09 9.50*** 
Block (L) 9 3.61 *** 2.81 ** 1.39 1.52 
Planting Date (P) 3 35.88*** 30.42*** 3.68* 9.79*** 
PxY 3 4.17** 4.33** 4.86** 0.55 
PxL 6 4.09*** 2.82* 2.38* 1.63 
Cultivar (C) 1 17.08*** 33.91 *** 58.57*** 7.84** 
CxY 1 2.80 10.73** 2.29 13.15*** 
CxL 2 0.55 8.16*** 4.75* 5.09** 
CxP 3 2.84* 3.31 * 1.24 8.69*** 
Error 134 
*, **,***Significant at the P = 0.05, 0.01, and 0.001, respectively. 
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Table 3. Mean squares of total dry matter, grain yield, total N accumulated, and grain N 
accumulated of 'DANKO Presto' and 'Trical 815' winter triticale grown at three Iowa 
locations over two growing seasons. 
F-value 
Source of Variation df 
Total Dry 
Grain Yield 
Total N Grain N 
Matter Accumulated Accumulated 
Mg ha-1 Mg ha-1 kg ha-I kg ha-I 
Year (Y) 1 483.28*** 579.23*** 126.46*** 353.52*** 
Location (L) 2 104.66*** 69.03*** 104.21 *** 212.14*** 
YxL 2 28.70*** 94.51 *** 3.41 * 66.12*** 
Planting Date (P) 3 20.53*** 30.82*** 4.37** 15.27*** 
PxY 3 4.03** 3.58* 2.39 1.70 
PxL 6 1.48 3.51 * 0.90 4.63*** 
Cultivar (C) 1 5.58* 14.67*** 0.02 13.69*** 
CxY 1 0.68 2.41 1.63 1.33 
CxL 2 0.23 0.47 0.44 1.30 
CxP 3 2.66 2.44 2.53 1.00 
Error 143 
*, **,***Significant at the P = 0.05, 0.01, and 0.001, respectively. 
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Table 4. Mean squares of dry matter, grain, and straw N concentrations of 'DANKO Presto' 
and 'Trical 815' winter triticale grown at three Iowa locations over two growing seasons. 
F-value 
Source of Variation df Dry MatterN Grain N Straw N 
g kg-1 g kg-1 g kg-1 
Year (Y) 1 1.93 21.72*** 46.78*** 
Location (L) 2 29.61 *** 166.93*** 41.80*** 
YxL 2 1.27 0.09 0.53 
Planting Date (P) 3 0.97 4.07*** 5.12** 
PxY 3 0.96 0.34 1.30 
PxL 6 0.91 0.67 0.76 
Cultivar (C) 1 1.52 0.86 2.48 
CxY 1 0.92 0.00 2.85 
CxL 2 0.73 1.19 1.10 
CxP 3 2.27 0.77 3.32* 
Error 143 
*, **,***Significant at the P = 0.05, 0.01, and 0.001, respectively. 
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